Recently, traffic accidents caused by elderly drivers have been increasing. It is thought that the reasons of accidents are functions such as decline of eyesight, cognition and physical strength caused by aging. In order to assist safe driving for elderly drivers, it is necessary to sufficiently understand any possible relationship of various senior drivers' cognition, physical strength and driving behavior. In this paper relationship of elderly driver's cognition, physical strength and driving behaviors were analyzed using the result of driving instructions on urban road by driving school instructors.
Introduction
In Japan, the growing elderly population has led to an increased proportion of elderly drivers; accordingly, the number of traffic accidents caused by elderly drivers is also increasing [1] . To address this matter, this study was conducted as part of the Nagoya Center of Innovation (COI) program promoted by the Ministry of education, culture, sports, science and technology and the Japan Science and Technology Agency (JST) in an attempt to safely delay the cessation of How to cite this paper: Yonekawa, T., Tanaka, T., Aoki, H., Yamagishi, M., Yoshihara, Y., Takeuchi, E., Takahashi, I., Ninomiya, Y., Kanamori, H., Suzuki, T. the data show that seniors, in particular, are often involved in crossing collisions [4] . Additionally, elderly drivers have been shown to exhibit delayed response during emergencies at intersections [5] and insufficiently check both sides at stop sign intersections [6] . In order to understand these challenges, our experiment provided behind-the-wheel training to elderly drivers on city streets that included intersections with stop signs, where it is easy for crossing collisions to occur. This behind-the-wheel training was given by a driving instructor from a driving school who was present in the car with each elderly driver [7] . In our previous report, the content of the instructions given by the driving instructors was analyzed and a proposal was made for a system to assist with driving instructions for the elderly [8] . This report investigates the relationship between the frequencies of instructions given to senior drivers at stop sign intersections and driving behaviors, physical strength, and cognitive function; it also discusses a proposed method for supporting safe driving by the elderly.
Experimentation Methods

Subjects
The subjects consisted of a total of 24 elderly people (Id1 ~ Id24) comprising 12 males and 12 females. One of four driving instructors (Is1 ~ Is4) rode with each subject and provided instructions from the passenger seat. Table 1 shows the combinations of subjects and driving instructors and the conditions under which the session was conducted.
Measurement Methods
The elderly drivers were asked to follow the circular driving route shown in Figure 1 . This course (intersections 5 → 6 → 9 → 1 → 4 → 5) is located on residential streets near Nagoya University, and the elderly drivers completed it in 17 to 30 minutes. This circular course included 10 intersections: three were stop sign intersections where a left turn was made, two were stop sign intersections where the driver proceeded straight, one was an intersection with a convex mirror where a left turn was made without stopping, and four were intersections where the driver proceeded straight without stopping (one of these had a flashing yellow signal). Many of these stop sign intersections had poor visibility, and there were two places where the route passed over a pedestrian crossing: one intersection where a left turn was made without stopping and one intersection where the driver proceeded straight without stopping. Half of the driving route was on one-way roads. The roads on the course, including both one-way roads and twoway roads without center lines, were narrow enough to require driving slowly and intentionally making room to avoid cars in the opposite lane, parked cars, pedestrians, and bicycles.
As the subjects were not driving their own vehicles, they were given time to practice driving the vehicle provided while the driving instructors accompanied them in the passenger seat. After they had mastered the vehicle and the driving instructor had given them instructions on driving, including navigation and the operation of the auxiliary brake, they began their experimental drive on the public roads [7] . relationship between these test results and the frequency of instructions that the instructors provided to each driver while on the road was investigated [2] . Driv-
ing data was recorded with a BU-DRHD421 driving recorder (Yupiteru) that was equipped with a GPS (Global Positioning System) system and an acceleration sensor. Footage from a camera facing out from the front of the vehicle and that from a camera aimed at the driver were continuously recorded. Figure 2 shows an example of the recorded data. 
Analytical Method
After each experimental drive, the content of the instructions given by the instructors was written down from the recording voice of driving-recorder ( Figure   2 ) and analyzed as follows. On the basis of the situation in which each instruction was given, including the location and driving behavior, the timing of each instruction was classified into one of the following five categories: in advance, immediately before, during a maneuver, immediately after, or as a review. The intention of each instruction was then sorted into one of the following five categories on the basis of its content: information, warning, instruction, navigation, and non-instruction for passing through an intersection. The content of each driving instruction was classified into one of the following eight categories: completely stop; stop before the stop line; brake; check left and right; go slowly; keep left; start moving; and (how to) navigate. The frequency of advice in each content category was calculated. Table 2 shows examples of the content of the driving instructions that were extracted from the drive recorder. Furthermore, the time at which each braking maneuver started ( Tbs ) and ended ( Tbe ) was identified from the vehicle acceleration data as time data points, as shown in Figure 3 . Data from the front-view camera ( Figure 4 ) was used to identify the moment at which the vehicle's hood touched the center mark of an intersection as the time of intersection entry ( Tie ).The speed calculated by GPS signal was used, and the acceleration was used the value of the acceleration sensor of the drive recorder. Because the speed by GPS signal had a time lag of one second or more at the sampling frequency (about 1 Hz) of the GPS signal, the acceleration did not coincide with the gradient of the speed-time graph in Figure 3 . However, the speed was not calculated by the integrated value of acceleration, because the acceleration sensor signal included the drift of the signal and the road slope error. Therefore, the average acceleration and the deceleration distance are calculated by the speed change per time. Table 3 The velocity at the start of braking ( Vbs ) and that at the end of braking (Vbs ) were calculated using speed. In addition, the following braking information was Table 4 shows the driving instruction frequency and measured average data of driving behavior, cognitive function tests and driving aptitude tests of each subject. Based on this data, the correlation coefficient between each function was Figure 5 . Distribution of driving situations where instruction was given (Total: 3117). calculated using the Equation (1)- (5) and the relation of each function was studied. As there was a great deal of variation in human characteristics and human behaviors, it is very difficult to obtain a statistically significant confidence level for the correlation coefficient, requiring prohibitively numerous subjects and an Table 5 shows the correlation coefficients of instruction frequency and the mean values and standard deviations of the following eight performance indicators for each of the drivers: braking start speed ( Vbs ); braking maximum deceleration ( max G ); braking average deceleration ( Gave ); constant ratio of maximum deceleration to average deceleration as an indicator of the smoothness of braking ( Rg ); braking distance required for deceleration ( Db ); time margin of braking ( Tmb ); time spent checking left and right, i.e., the interval between the completion of braking and the time of intersection entrance ( Tclr ); and number of times each driver checked left and right ( Nclr ). Table 5 . Correlation coefficient of instruction frequency and driving behavior (mean values and standard deviations). In addition, drivers with a high frequency of instructions also exhibited a short braking distance ( Db ) ( Figure 9 ) and a short time margin of braking ( Tbm ). They also exhibited increased ratios of maximum ( max G ) and average braking deceleration ( Gave ). This indicated that their braking was not smooth. Drivers with a large standard deviation in all of their driving behaviors tended to get many instructions from their instructors. It is possible that the instructors felt that these types of driving behaviors indicated poor driving ability and accordingly gave more instructions to these drivers. Table 6 shows the correlation coefficients of the frequency of driving instructions, driving characteristics, cognitive function scores, and eyesight scores. This Table 6 . Correlation coefficient of instruction frequency, driving behavior, cognition scores and eyesight scores. peripheral stimulus with more than 75% accuracy after correctly interpreting a stimulus in the center of the field of vision. In the measured value of UFOV in Figure 10 , because the minimum display interval was 100 ms, therefore it could not be evaluated when there was under 100ms capability. The data of 100 ms were overlapped, and it was difficult to get the fitting straight line from the data point. Therefore, Figure 11 shows data excluding 100ms data. Although the number of data points decreased, UFOV of the subjects with many instruction frequencies was getting worse. It was considered that the instructor increased adaptive instruction to subjects with low traffic environment recognition ability. 
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Thus, it can be inferred that eyesight had an impact on driving performance as drivers with poor eyesight had a higher frequency of instruction. Based on this, it is presumed that instructors may have increased the frequency of their instructions in response to the drivers' seemingly diminished awareness of the surrounding environment and ability to process visual information. A correlation was also observed between scores on other cognitive tests and driving characteristics. Participants with low MMSE scores, for example, had short right and left checking durations ( Figure 12 ) and a low frequency of left and right checks. They tended to be less safe drivers overall, with high fixed deceleration rate and poor steering. It was noted that drivers assessed by the TMT-A to have poor cognitive function also tended to have short braking distances and short time margins of braking. In other words, diminished cognitive function tended to be associated with unsafe driving behaviors and poor driving. In contrast, subjects with good eyesight had higher speeds at the start of braking as well as longer braking distances and longer time margins of braking. Thus, it is believed that perceptual faculties affect the ability to drive. Table 7 shows the correlation coefficients of the frequency of driving instructions, driving characteristics, and driving aptitude test scores.
The Relationships among Driving Aptitude Test Results, Frequency of Driving Instructions, and Driving Characteristics
The relationship between the frequency of driving instructions, driving characteristics, cognitive scores and the items in the driving aptitude test that were focused on the response time of reflexes was investigated. Drivers who exhibited Figure 14) . Conversely, drivers whose overall scores were good had high starting brake speeds, large average deceleration values, and small fixed deceleration ratios (Figure 15 ). Therefore, drivers who have a strong aptitude for driving drive at slightly faster speeds and apply constant deceleration when braking. They also tend to be skillful in their maneuvers and receive just a few instructions from their instructors. Accordingly, it is believed that a high driving aptitude as assessed by the driving aptitude test corresponds to our indicators of driving characteristics.
Conclusions
The subjects (senior drivers) drove on a predetermined course and were accompanied by driving instructors from a driving school who sat in the passenger seat and gave them driving instructions. The relationship between their driving ability on one side and their cognitive and physical attributes on the other was analyzed on the basis of their driving behaviors at stop signs and the frequency with which driving instructions were given at stop sign intersections. The results revealed the following trends.
The instructions that were most frequently given by the instructors at stop sign intersections were reminders to completely stop before the stop line of the intersection and to check left and right while starting very slowly from the com-
plete stop. Drivers who received many instructions had slow driving speeds and took a long time to enter each intersection because they spent more time checking left and right before proceeding. They also checked left and right many times, presumably in response to the instructions they were given during the experimental drive. From the relationship between the frequency of instructions and the driving behaviors of elderly subjects as captured by the driving recorder, it appears that a system of training that helped senior drivers increase the amount of time spent checking left and right and the number of left and right checks at stop sign intersections would be effective for promoting safe driving among the elderly.
These items when considered together could serve as a good performance indicator for the ability to drive safely. In addition, other good performance indicators of skillful driving could be the constant deceleration ratio of the average deceleration and maximum deceleration of a single application of the brake, the braking distance, and the time margin of braking.
In the future, driving characteristics should be assessed using these perfor-mance indicators and efforts should be made to develop a driving instruction system that can be adapted to the individual depending on driving ability.
